Materials and methods

Poultry samples
Forty packaged raw chicken products belonging to different commercial brands from the local markets in Ankara were collected in 2015 (Table 1) . In order to isolate Salmonella and E.coli strains, raw chicken materials were categorized into seven different parts, namely chicken breast, wing, heart, gizzard, rib, chop, and drumstick (Table 1 ). All isolates were freezed in 15% glycerol solution at -80 °C at Middle East Technical University, Department of Food Engineering.
Isolation of Salmonella
For Salmonella isolation, the international standard ISO6579:2002 was used. After 25 g of sample from each chicken product were incubated in buffered peptone water at 37 °C overnight, 1 mL of each broth sample was transferred to 10 mL Rappaport Vassiliadis soya peptone broth (RVS broth, CM0866 Oxoid) and incubated at 44 °C for 24 h. Ten microliter of RVS broth from each sample was spread on the Brilliant Green Agar (BGA, CM0263 Oxoid) plate and Xylose-Lysine-Desoxycholate Agar (XLD Agar, CM0469 Oxoid) plate and incubated at 37 °C for 24 h. At least three red colonies with black centers on XLD agar, and pink colored colonies on BGA agar were selected as Salmonella. To confirm the suspected Salmonella colonies, invA gene was screened by PCR (19) . For one sample, 15.5 μL ddH 2 O, 5 μL 5X Go Taq Flexi Buffer, 1.5 μL MgCI 2 , 0.5 μL dNTPs, 1.0 μL of each primer (Forward primer: GAATCCTCAGTTTTTCAACGTTTC; Reverse primer: TAGCCGTAACAACCAATACAAATG (19) ) and 0.125 μL GoTaq DNA polymerase and 0.375 μL DNA template were prepared under the following conditions: initial denaturation at 94 °C for 10 min, denaturation at 94 °C for 60 s, annealing at 60 °C for 60 s, extension at 72 °C for 60 s with 35 cycles, and the last extension for 72 °C for 7 min. Three of the confirmed Salmonella colonies from each sample were frozen in glycerol stock and stored in our foodborne pathogen database with a Middle East Technical University Identification (METU ID) as "MET", resulting in a total of 57 Salmonella strains which are shown in Table 1 . (Table 1) were isolated from 40 packaged raw chicken products as per the international standard ISO16654:2001 in a parallel way with the isolation of Salmonella strains. Yellow colonies on XLD agar were chosen as E. coli. These selected colonies were incubated on Brain Heart Infusion (BHI, CM1136 Oxoid) agar plate at 37 °C for 24 h. To confirm the selected colonies as E. coli, rpoB gene was screened by PCR. For one sample, 16.25 μL ddH 2 O, 2.5 μL 10X Buffer solution, 1.5 μL MgCI 2 , 0.5 μL dNTPs, 1.0 μL of each primer (Forward: GTATGTCCAATCGAAACCCCT; Reverse: GGTAGTGAATTTCGTCAGTTACA (20) ), 0.25 μL 2.5 U Taq DNA Polymerase, and 2 μL DNA template were prepared under the following conditions: initial denaturation at 94 °C for 10 min, denaturation at 94 °C for 30 s, annealing at 58 °C for 30 s, extension at 72 °C for 30 seconds, with 35 cycles and the last extension for 72 °C for 5 min. Confirmed isolates were frozen as mentioned above. 
E. coli isolates E. coli strains
Biofilm detection
Biofilm formations of pathogenic bacteria on abiotic surfaces such as stainless steel, aluminum, polystyrene and plastic, and food contact surfaces lead to serious threat for the public human health and food industry (31, 32) . Salmonella is one of the most prevalent microorganisms forming biofilm in chicken flocks (33) . Hence, a wellknown method was implemented to observe the biofilm forming capabilities of Salmonella strains isolated from packaged raw chicken products (34) . Salmonella Salford was used as a positive control in this procedure. Strains were incubated at 37 °C for 16 h in 10 mL Brain Heart Infusion broth (BHI, CM1136, Oxoid). 230 μL Tryptone Soya Broth (TSB, CM0129, Oxoid) and 20 μL of incubated Salmonella culture were transferred to sterile 96-well plates with three replicates. After the incubation at 37 °C for 24 h, they were washed with 0.85% NaCI solution three times. Fixation process was done using 96% MeOH. Then, 250 μL crystal violet was added to 96-well plates and biofilm formations were observed. Table 4 . Five microliter of PCR product with DNA marker was run on 1.5% agarose gel at 110 V for 1 h.
Results and discussion
Salmonella Infantis and E.coli isolates
Nineteen Salmonella enterica subsp. enterica isolates were collected from different raw chicken products (Table 1) . Fifteen out of 19 isolates were determined as Salmonella Infantis and these 15 Salmonella Infantis isolates were used in this study (Table 1) . On the other hand, 19 E.coli isolated from different parts of raw chicken products were confirmed by rpoB gene (Table 1) .
Pathogenicity of E. coli isolates
E. coli is the most predominant commensal bacteria found in the gastrointestinal tracts of warm-blooded animals and humans (42) . On the other hand, as pathogenic bacteria it leads to serious bacterial infections such as diarrhea, enteritis, septicemia, and urinary tract infection at the same time (43 Nineteen Salmonella isolates were typed genotypically by PFGE (Figure 1) . Fifteen of them were confirmed as Salmonella Infantis comparing the footprints of Infantis isolates known before. Likewise, since 4 isolates shared the same PFGE patterns with Salmonella Enteritidis in our database, these 4 isolates were assigned as Salmonella Enteritidis (Figure 2) . Dendograms of Infantis and Enteritidis isolates created by BioNumerics analyses were shown in Figures 1 and 2, respectively. A total of 15 Salmonella Infantis isolates, used in this study, only represent three PFGE patterns (PT) (i.e. PT 08, PT 45, and PT 50). Slight variations in PFGE patterns were observed. Moreover, while the majority of Infantis isolates (N=13) represent PT 08, only two isolates were differentiated into two different PFGE patterns, PT 45 and PT 50; PT 45 was observed in MET S1-753, and PT 50 was observed in MET S1-777. In addition, isolates verified as PT 08 showed multidrug resistance.
In contrast to our study, Salmonella enterica serovar Enteritidis has been increasing in laying hens and broilers in some European Union countries such as Greece, Poland, Spain, and Romania (9) . On the other hand, Salmonella Infantis isolated from human and food sources has been one of the most frequently found serovar in Brazil for more than 25 years (45) . In addition, Infantis still keeps posing a serious problem to public health all around the world including European countries, Morocco, Japan, and the USA (10, 46-48). In another research, four different PFGE patterns of Salmonella Infantis were commonly found in human and food sources and broilers in Germany (49) . Moreover, two PFGE patterns were found in Salmonella Infantis predominantly in Hungary (50) . Hereby, it might be concluded that variances in PFGE types change with regard to the geographical regions. And distinct PFGE footprints of Salmonella Infantis might be derived from high conjugative transfer rates of mobile genetic elements such as integrons and plasmids.
PFGE analysis of 19 E. coli isolates was carried out according to PulseNet protocol (29) . As can be seen in Figures 3 and 4 , PFGE footprints were observed distinct from each other. And E. coli isolates were also certified with different footprints by PFGE dendogram in Figure 5 .
MLST of Salmonella isolates
With the PFGE pattern results of 15 Salmonella Infantis isolates, MLST types of them were identified as ST 32. Over and above that, Infantis isolated in Brazil and Morocco has showed the same allelic type, ST 32 (45,51).
Phenotypic and genotypic antimicrobial resistance analysis of Salmonella and E. coli isolates
The phenotypic analysis revealed that each Salmonella Infantis isolate had resistance to at least one antibiotic; all of them were resistant to nalidixic acid. Except for MET S1-753, all of the Salmonella Infantis isolates were accepted as multidrug-resistant foodborne pathogens due to resistance to at least two antimicrobial agents. As can be seen in Table 5 , SfSxtNT (Sulfisoxazole-Trimethoprim/ sulfamethoxazole-Nalidixic acidTetracycline) phenotypic antimicrobial resistance profile was the most observed one in Infantis isolates. To conclude, Salmonella Infantis isolates showed antibiotic resistance significantly to nalidixic acid (100%), tetracycline (93%), sulfisoxazole (93%), trimethoprim/sulfamethoxazole (93%), streptomycin (53%), kanamycin (47%), chloramphenicol (33%), and ciprofloxacin (13%). On the other hand, they were susceptible to amikacin, gentamicin, ampicillin, ceftiofur, cephalothin, amoxicillin-clavulanic acid, ertapenem, imipenem, ceftriaxone, and cefoxitin. Another research stated that multidrug-resistant Salmonella Infantis detected in Hungarian broilers and humans has the same phenotypic antimicrobial resistance profile including nalidixic acid, sulphonamide, streptomycin, and tetracycline as the recent Infantis strains dominating in Poland, Austria, and Hungary (47) . Likewise, Salmonella Infantis isolates from broilers were found mostly resistant to streptomycin and sulfamethoxazole, trimethoprim as well in Japan (48) . In addition, Salmonella Infantis isolated from broiler chickens indicated multidrug resistance via large conjugative plasmid in Hungary (50) . Furthermore, Salmonella Infantis showed resistance to third generation cephalosporins in Belgium, due to plasmid acquisition (52) . Salmonella Infantis isolated from clinical sources also showed antibiotic resistance in China (53) . In some patients infected with Salmonella antibiotic treatment might be required; fluoroquinolones and third-generation cephalosporins are used for adults and children, respectively. Thus, resistance to these antibiotics might conduce to treatment failure. In contrast to the phenotypic antibiotic resistance profiles of Salmonella Infantis isolates used in this study, their genotypic antibiotic resistance profiles consisting of tetA (100%), aadA1 (93%), sul1 (86%), aphA1-IAB (66%), strA (20%), bla TEM-1 (13%), and cmlA (6%) were identified. However, bla PS1E-1 , bla CMY-2 , ampC, cat1, cat2, flo, aadA2, strB, aacC2, dhfrI, dhfrXII, sul2, tetB, and tetG were not detected in Infantis isolates. In China, tetA, tetB, tetC, tetG, sul1, sul2, sul3, floR, bla TEM , and bla CTX-M were commonly determined in Salmonella enterica serovar Enteritidis and Typhimurium isolated from broiler chickens (54) . Moreover, the predominance of AmpC β-lactamase CMY-2 producing Salmonella isolated from chicken meat products in Japan have increased between 2005 and 2011 (55) . In other studies, bla TEM-1 , strA, strB, sul2, tetB, catA1, aphA-1, and class 1 integron including folA, catB3, aadA4, and sul1 gene cassettes were found in Salmonella Infantis isolated from human, animals and the environment in Italy (56) , and tetA, aadA1a, and aphA1-IAB were ascertained in Salmonella Infantis isolates from poultry in Japan (48) . In contradistinction to our study, strong biofilm-producing Salmonella Infantis strains on abiotic surface including polystyrene harbored floR, cmlA, tetA, tetB, tetG, temB, bla PS1E-1 , sul1, sul2, qnrA, qnrS, strA, and aadA antibiotic resistance genes in Malaysia (57) . In summary, a lot of studies reveal highly antibiotic resistance of Salmonella Infantis from poultry to ampicillin, nalidixic acid, streptomycin, sulphonamide and tetracycline (58) . In addition to this, bla TEM-1 conferring resistance to extended-spectrum beta-lactamase was confirmed in two Infantis isolates of this study (MET S1-759 and MET S1-765). Nontyphoidal Salmonella might acquire resistance to extended-spectrum beta-lactam antibiotics because of plasmid-mediated AmpC-type beta lactamases (59) . E. coli is part of the intestinal tract of chickens, and acts as a commensal bacterium unless any deterioration in the gut microbiota happens (60) . Otherwise, E. coli might overgrow and lead to extraintestinal infections. Enteric bacteria frequently demonstrate resistance to a broad array of antibiotics such as ampicillin and tetracycline by means of antimicrobials extensively used in poultry production (61) . In this study, 3 out of 19 E. coli isolates including MET A1-014, MET A1-017, META1-018 were found as susceptible to antibiotic agents. On the other hand, in their genotypic profiles, antibiotic resistance genes including aadA2, strB (in MET A1-014), aadA1, bla TEM-1 (in MET A1-017), aphA1-IAB, bla TEM-1, , bla CMY-2 (in MET A1-018) were found respectively. The rest of isolates except for MET A1-009 having cephalotin resistance demonstrated resistance to more than two antimicrobials in phenotypic level (Table 5 ). Antibiotic resistant commensal E. coli isolates showed resistance to ciprofloxacin (69%), nalidixic acid (69%), tetracycline (63%), sulfisoxazole (63%), ampicillin (63%), streptomycin (50%), cephalotin (44%), trimethoprim/sulfamethoxazole (44%), chloramphenicol (38%), kanamycin (31%), gentamicin (25%), cefoxitin (13%), amoxicillin-clavulanic acid (13%), ceftriaxone (6%), ceftiofur (6%), and ertapenem (6%). They were found susceptible to amikacin, and imipenem. In another recent study, E. coli isolated from food-producing animals of two poultry farms in Brazil showed high resistance to tetracycline, nalidixic acid, ciprofloxacin, and levofloxacin (62) . Moreover, E. coli isolated from chicken-based ready-to-eat foods demonstrated commonly resistance to tetracycline, ampicillin, and chloramphenicol in Singapore (61) . Furthermore, E. coli isolates from local chicken meat products were considerably resistant to tetracycline, sulphonamide, ampicillin, and trimethoprim compared to imported chicken meat in Ghana (63), while in China E. coli isolated from chickens indicated resistance to oxytetracycline, amoxicillin, doxycycline, lomefloxacin, ceftriaxome, ofloxacin, enrofloxacin, and florfenicol, which is a distinct phenotypic antibiotic resistance profile in some degree compared to the former ones (64) . In addition to the phenotypic characterization, the genotypic antibiotic resistance profiles of E. coli isolates, collected in this study, were determined as strB (52%), aadA1 (42%), tetA (42%),
, and ampC (5%). On the other hand, bla PS1E-1 , cat2, cmlA, aacC2, dhfrXII, tetB, and tetG were not found in commensal E. coli isolates. Although E. coli isolates showed high resistance to ciprofloxacin, nalidixic acid, and tetracycline in phenotypic level, strB and aadA1 conferring resistance to streptomycin, and tetA for tetracycline were mostly observed in genotypic level. In other words, in some E. coli strains, phenotypic and genotypic profiles could not be detected as compatible with each other. This might be that the primers used in this study were picked mainly for Salmonella isolates. Hence, mutations on primer binding regions might inhibit the detection. In the literature, bla CTX-M , bla TEM-1 , aadA1, tetA, and tetB were detected in CTX-Mtype extended spectrum β-lactamase-producing E. coli isolated from chickens in Great Britain (65) . Furthermore, bla CMY-2 , tetA, sul1, aac(3)-VIa, and ant(3")-Ia were determined in extended-spectrum beta-lactamase (ESBL)/ plasmidic AmpC (pAmpC) producing E. coli isolated from broiler parent birds in Finland (66) . pAmpC β-lactamases conferring resistance to extended-spectrum cephalosporins in Enterobacteriaceae, especially in E. coli, have become threat for humans and livestock isolates (67, 68) . Genes of TEM, CTX-M and SHV families are most prevalent ones (69) . Additionally, CMY-2 is the most predominant pAmpC in E. coli derived from distinct continents including Asia, North America, and Europe (61) . In addition to this, CMY-2 has recently been determined in Salmonella and E. coli isolates from different types of food animals (61) . In this study, bla CMY-2 was found in two E. coli isolates (i.e. MET A1-001 and -018), while it was not determined in Salmonella Infantis isolates. Although E. coli isolates were commensal bacteria, they demonstrated a great variety of antibiotic resistance compared to Salmonella isolates. Intestinal tract of humans and animals host numerous bacterial species and distinct serovars (70) . Commensal bacteria perform some life-sustaining biological functions in the gastrointestinal tract (71) . However, usage and/or misusage of antibiotics in human and veterinary for a long time affect normal gut microbiota adversely (72) . Moreover, commensal bacteria might acquire antibiotic resistance genes from pathogenic bacteria via conjugative transfer such as plasmids (73) . Hence, our commensal E. coli isolated from raw chicken products might possess multidrug resistance on a large scale due to high conjugative rate of mobile genetic elements. Apart from phenotypic antimicrobial resistance profile, in genotypic profiles of Salmonella isolates, except for nalidixic acid, antimicrobial resistance genes related to phenotypic resistance profile were detected using purified DNA. In E. coli isolates, various genotypic antibiotic resistance profiles were found because of presence of different strains.
Conclusion
To conclude, Salmonella Infantis isolated from raw chicken products in Turkey indicated closely related phenotypic and genotypic antimicrobial resistance profile including tetracycline, streptomycin, kanamycin, sulfisoxazole, and nalidixic acid with other Infantis clones found in different countries and/or continents. However, E. coli isolates were diversified. Globalization in food trading might lead Infantis to be an emerging strain. Furthermore, this study revealed that the intestines of poultry might be a gene pool for the commensal bacteria to acquire antibiotic resistance.
